Introduction
Acquiring and accessing previously formed memories of objects that we encounter is crucial to interacting with our surroundings. In sighted adults, this process of memory encoding and retrieval is seamless and automatic; we can quickly visually assess all aspects of an object in parallel. In those who are blind, however, forming and accessing memory representations must be accomplished through other sensory modalities, such as the tactile modality, which makes this seemingly simple act much more difficult. A key structure that has been shown to be involved in object memory is the perirhinal cortex (PRC) of the medial temporal lobe (MTL). The majority of research on the PRC has demonstrated its role in visual object recognition (Brown & Aggleton, 2001; Suzuki et al. 1993; Mumby and Pinel, 1994) , although it has also been implicated in perceptual processes (Baxter, 2009; Bussey, Saksida, & Murray, 2002; Murray & Bussey, 1999; Murray, Bussey, & Saksida, 2007; Peterson, Cacciamani, Barense, & Scalf, 2012) .
Importantly, recent research has shown that the PRC is also involved in tactile object memory in those who are blind (Cacciamani & Likova, 2016) . In this previous study, as well as in the current study, the experimental paradigm was a replication of that in Likova (2012) . Blind participants underwent a unique tactile memory training, known as Likova's Cognitive-Kinesthetic method (Likova, 2010 (Likova, , 2012 (Likova, , 2013 , wherein over the course of 5 days, they learned how to draw guided solely by memory. The experiment consisted of 3 tasks (see Fig. 1a ). Participants first perceptually explored and memorized raised line drawing stimuli with their left hand (Perceptual Exploration, or PE, condition) . They then were taught how to use that memory representation to draw the stimulus from memory with their right hand (Memory Drawing, or MD, condition) . The last task was a motor and memory control task, where participants drew random scribbles with their right hand (Scribble, or S, condition) . Importantly, using different hands for exploring and drawing required participants to rely on their memory representation rather than motor movements. Over 5 days, participants were trained on these tasks, such that by the end of training, they were successfully able to draw each stimulus. Before and after training, functional magnetic resonance imaging (fMRI) scans were conducted in order to assess the effect of training on representations in the PRC. Cacciamani and Likova's (2016) results showed that the PRC signaled the object memories of each stimulus created during the training, thereby indicating that the PRC represents tactile memory in the blind as it does visual memory in the sighted.
In addition to the PRC, dramatic neural changes have also been observed in primary visual area V1 as a result of the CognitiveKinesthetic training. Specifically, Likova (2012 Likova ( , 2013 Likova ( , 2014 found that blood oxygen level dependent (BOLD) waveforms in V1 went from being erratic, immature, and weak before training to well fit to the BOLD predictor for the MD task after training. This prominent shift indicates that, after only 5 days of this well-targeted training, ''visual" areas of the brain as low as V1 can reorganize to represent tactile memory information in those who are blind. Based on these important findings, Likova (2012 Likova ( , 2013 ) implicated V1 as a site suitable for the neural implementation of the theoretical working memory ''visuo-spatial sketchpad" and allowed for its re-conceptualization into a ''supramodal spatial sketchpad".
The training-induced cortical reorganization observed in both the PRC and V1 separately is suggestive of a possible interaction between these two seemingly disparate brain areas. Indeed, Likova (2012 Likova ( , 2015 proposed that the PRC may be a source of the reorganization that has been observed in visual area V1 during a memory task. The present experiment tests Likova's proposal.
This PRC-to-V1 feedback hypothesis is also consistent with previous research in the sighted that has shown that the PRC is both structurally and functionally connected to the visual cortex. In rats, visual area 17-the equivalent to human V1-has been shown to receive direct structural projections from the PRC (Miller & Vogt, 1984) . Clavagnier, Falchier, and Kennedy (2004) also found direct connections from the PRC to V1 using a retrograde tracer injection technique in sighted monkeys. Uncovering the existence of these structural connections laid the foundation for further research on the functional influences that the PRC can exert on the visual cortex. Given the PRC's well-known role in primarily declarative memory processes, its ability to modulate activation at low-level ''visual" areas is a new concept that has recently challenged the traditional ''memory-only" view. The first evidence of the PRC's ability to modulate visual cortex activation was observed by Peterson et al. (2012;  based on proposal by Barense, Ngo, Hung, and Peterson (2012) ). In Peterson et al.'s study, sighted participants made familiar/novel judgments to silhouettes presented in the periphery while activation in both the PRC and the visual cortex was assessed via fMRI. Their results demonstrated that the PRC signaled the familiarity of both the whole object depicted by the silhouette and the familiarity of the object's individual parts-a finding that extended previous work showing that the PRC only responds to whole object familiarity (e.g., Barense, Henson, & Graham, 2011) . Of even greater interest to the present study, Peterson et al. also found that the visual cortex mimicked the PRC's pattern of activation and signaled the familiarity of not only the parts, but also the whole object. Given that receptive field sizes of V1-V2 neurons (1-2°of visual angle) are not large enough to encompass the whole silhouetted object (4°), this object-level response in lowlevel visual cortex must have originated from a higher level such as the PRC . This prior study therefore suggested that the PRC modulates functional responses at low-level visual regions Peterson & Cacciamani, 2013 )-a finding consistent with a feedforward-feedback view of PRC-to-V1 connectivity. These studies, however, did not examine any causal influences and were restricted to the sighted population.
In the present study, we searched for direct evidence of modulation of area V1 specifically by the PRC during a tactile memory task in the blind. To do so, we used Likova's CognitiveKinesthetic Drawing Training method in order to generate training-induced changes in PRC-to-V1 causal connectivity during memory-guided drawing. As in previous studies using Likova's experimental paradigm (e.g., Likova, 2012 Likova, , 2013 Likova, , 2014 Cacciamani & Likova, 2016) , fMRI was conducted before and after 5 days of training. To interrogate causal relationships between the PRC and V1, a Granger causality analysis was employed on the pre-and post-training BOLD data and compared between them. Granger causality (Granger, 1969 ) is a method of assessing directed functional connectivity based on the principle of temporal precedence and predictability. Specifically, it can be conceptualized as follows: activity in brain area X (the ''seed" region) is said to ''Granger cause" (or G-cause) activity in brain area Y if the past activation in X is a better predictor of future activation in Y than the past Y activation alone. This analysis technique has been applied to both bivariate and multivariate BOLD data (Deshpande, Hu, Stilla, & Sathian, 2008; Roebroeck, Formisano, & Goebel, 2005; Seth, 2010) and has been shown to be robust to changes in hemodynamic properties (Seth, Chorley, & Barnett, 2013) . We employed this analysis in order to go above and beyond any implied or correlative interactions between the PRC and the visual cortex that have been previously found in the sighted or suggested in the blind (Likova, 2012) and search for a more direct top-down relationship-specifically in a blind population where connections between and reorganization of these ''visual" areas is pertinent. Doing so can provide insight into the mechanisms of cortical plasticity and top-down interactions in the blind brain, thereby answering previously posed questions as to the origin of V1 reorganization (Likova, 2012 (Likova, , 2015 and laying the foundation necessary for future rehabilitative initiatives.
If the PRC indeed modulates tactile memory-related activation in V1 in the blind, then we expected to observe a significant increase in the top-down PRC-to-V1 Granger causal influence from before to after training. We specifically expected to see this effect during memory-guided drawing (the MD task) when cortical reorganization in both the PRC and V1 has been observed previously (Likova, 2012 (Likova, , 2013 (Likova, , 2014 (Likova, , 2015 Cacciamani & Likova, 2016) . We also investigated the bottom-up Granger causality from V1 to PRC, although our previous findings did not lead us to expect any training effects in this direction.
Methods

Participants
The participants were 8 congenital and acquired blind volunteers (4 females, 4 males; ages 31-76) whose demographics are summarized in Table 1 . The experimental protocol was approved by the Smith-Kettlewell Institutional Review Board; prior to participating, all volunteers provided their informed consent. Participants were compensated for their time and were right-handed.
Our participants did vary somewhat with respect to their age of blindness onset and their degree of remaining vision. The current visual status of all participants was assessed using the Berkeley Rudimentary Vision Test (Bailey, Jackson, Minto, Greer, & Chu, 2012) . In this brief test, cards with black and white tumbling E's, gratings, and field projections were shown to each participant. No participants reported perceiving any of the information on these cards with either eye. Light perception was also assessed via a flashlight shown at different angles. Five participants had some light perception (LP) in segments of the visual field in one or in both eyes; these participants were blindfolded during all aspects of the experiment in order to eliminate any residual visual input. The remaining three participants had no light perception (NLP), and two of these NLP participants (#1 and #2) were totally blind from birth.
Design
The present study used the same experimental design as Likova, 2012 (see Fig. 1 ). Specifically, the Cognitive-Kinesthetic drawing training was employed as an effective instrument that has previously allowed us to achieve remarkable behavioral and neural changes within only 5 daily sessions at 2 h per day. Before and after this training, fMRI scans were conducted during which participants performed three tasks in a blocked paradigm: during Perceptual Exploration (PE), participants tactually explored and encoded into memory a raised line drawing stimulus using their left (nondominant) hand; during Memory Drawing (MD), participants relied on their tactile memory to draw the stimulus using their right (dominant) hand; and during Scribble (S), participants drew random, unstructured scribbles with their right hand as a motor and memory control (the randomness of these scribble drawings was confirmed by visually assessing the recorded scribbles). Each task lasted 20 s, and participants were instructed to respectively explore/draw or scribble for the entire 20 s such that equal time was spent on each task. The tasks were separated by a 20-s rest interval (RI) during which participants were instructed to clear their mind of any shapes or images. An auditory cue indicated the start of each task. This three-task sequence (RI, PE, RI, MD, RI, S, RI) was presented twice for each of the 6 line drawing stimuli (3 faces and 3 objects; see Fig. 1b ), for a total of 12 cycles of the sequence. Prior to beginning, participants were informed as to the nature of the experiment and briefly familiarized with the tasks and equipment.
As a result of the complex and interactive procedures of the Cognitive-Kinesthetic training, each participant learned how to efficiently and accurately perform the tasks. As training progressed, the 20-s time limit became achievable for each task and each stimulus. Participants' ability to accurately draw the stimuli solely guided by memory within this short time limit marked the behavioral success of the Cognitive-Kinesthetic training. A key idea behind this approach is that ''drawing has the unique advantage of providing an explicit readout of the memory content recalled during task [MD] performance, as it objectively 'externalizes' the specific memory representation guiding the motor output in each trial" (Likova, 2012) .
Equipment
A custom MRI-compatible stimulus presentation and drawing system was used while participants were performing the tasks in the scanner (see Fig. 1c ). This unique system consisted of a plexiglass table extending across the participant's lap, topped with a dual-slot height-adjustable surface. In the left slot was the line drawing stimulus to be explored during the PE task, and in the right slot was an MRI-compatible electronic drawing tablet to be used during the MD and S tasks. Between scans, the participant was instructed to remove the top-most line drawing stimulus (which was just explored and drawn) from the left slot and place it by their side, exposing the next stimulus in the prescribed sequence. Participants held a plastic stylus in their right hand to draw and scribble, and the movement of the stylus across the drawing tablet was recorded and presented in real-time to the experimenters. The auditory cues were presented through Resonance Technologies headphones (Resonance Technologies, Salem, MA). Our custom MRI-compatible drawing system allowed the participant to draw comfortably on the plastic table across their torso/lap without moving their head. Additionally, during scanning, the participant's head was stabilized in the head coil with comfortable but firm padding around all sides to further reduce movement.
Data acquisition and pre-processing
FMRI data were collected on a Siemens Trio 3T magnet equipped with a 12-channel head coil. BOLD responses were obtained using an EPI acquisition (TR = 2 s, TE = 28 ms, flip angle = 80°, voxel size = 3.0 Â 3.0 Â 3.5 mm) consisting of 35 axial slices extending across the whole brain. Pre-processing was conducted using FSL (Analysis Group, FMRIB, Oxford, UK) and included slice-time correction and two-phase motion correction, consisting of both within-scan and between-scan 6-parameter rigid-body corrections. To facilitate segmentation and registration, a wholebrain high-resolution T1-weighted anatomical scan was also obtained for each participant (voxel size = 0.8 Â 0.8 Â 0.8 mm). White matter segmentation in this T1 scan was conducted using FreeSurfer (Martinos Center for Biomedical Imaging, Massachusetts General Hospital) and Gray matter was generated with the mrGray function in the mrVista software package (Stanford Vision and Imaging Science and Technology).
Granger causality analysis procedures
The PRC was used as the seed region of interest (ROI) for the top-down Granger causality analysis, as assessing the connections from this region to the visual cortex was the central purpose of this study. The left and right PRC ROIs were defined anatomically in each subject based on previously determined guidelines (Insausti et al., 1998; Kivisaari, Probst, & Taylor, 2013) . Given that there are often substantial individual differences in MTL anatomy, care was taken to define the PRC ROI as consistently as possible between participants. Specifically, the PRC was defined from anterior to posterior as beginning 2 mm anterior to the appearance of the limen insulae gray and ending 4 mm posterior to the apex of the intralimbic sulcus. From medial to lateral, the PRC extended from the shoulder of the medial bank of the collateral sulcus to the shoulder of the lateral bank of the collateral sulcus. Using these anatomical landmarks, ROIs for the left and right PRC were handdrawn in each individual brain in FSL.
To assess bottom-up influences from V1 to the PRC, separate Granger causality analyses were conducted using left and right V1 as the seed ROIs. As in previous work (e.g., Likova, 2012) , these V1 ROIs were defined anatomically in each subject using the Brodmann area maps generated automatically during cortical reconstruction in Freesurfer (version 5.0). The Granger causality analysis was conducted analogously for each directional influence-top-down (PRC-seed to V1) and bottom-up (V1-seed to PRC). For each of these analyses, Granger causality maps were generated from the seed ROI to every voxel in the brain (x2y) for each of the three tasks (PE, MD, S) during the fMRI scan cycle. First, 40-s temporal segments of BOLD data were extracted starting at the onset of each task and proceeding through the end of the 20-s rest interval following the task (in order to account for any task-related functional connectivity effects that may persist into this interval due to the slow hemodynamics of the BOLD signal). With a 2-s repetition time, there were 20 BOLD volumes in these segments. The average time course of all voxels that were members of the seed ROI was computed. Multiple linear regressions were performed, fitting the 2nd-20th volumes of each voxel in the brain as a function of the 1st-19th volumes of themselves and as a function of the seed ROI, plus a constant term (x2y). This ''full" model containing the prior time points both of the voxel itself and of the seed ROI was compared to a ''reduced" model containing just the prior time point of the voxel itself in order to assess the contributions of the seed ROI to the activation of each voxel in the brain. Regression coefficients between the ROI and these individual voxels were converted to z-scores by dividing by the estimated standard error of the coefficient. Z-scores sufficiently different from zero were interpreted to imply a causal linkage, with the sign of the z-score indicating whether the causality was excitatory or inhibitory.
To assess top-down influences using the PRC as the seed, Granger z-scores were extracted from all voxels within the V1 ROI and averaged across that ROI within each hemisphere. Similarly, for the bottom-up analysis using V1 as the seed, z-scores were extracted from all voxels in the PRC ROI and averaged across that ROI within each hemisphere.
In order to create an average Granger causality map representing all blind participants, each participant's results were normalized to a standard brain in Freesurfer (fsaverage), after which they were averaged across participants.
Results
The results of the PRC-to-V1 (and vice versa) Granger causality analysis are depicted in Fig. 2 . In short, we did observe strong training-induced increases in top-down Granger causality across all 8 blind participants. Specifically, our averaged data show that with the left PRC as the seed ROI, a significant pre-to posttraining increase in Granger causal influence from the PRC was evident in the left V1 during the memory-guided drawing task [t(7) = 2.24, p = 0.038; see Fig. 2a ]. Likewise, with the right PRC seed, the same increase in PRC-to-V1 Granger causality was observed again during the MD task in the ipsilateral (right) hemisphere [t (7) = 2.55, p = 0.019] and marginally in the contralateral (left) hemisphere [t(7) = 1.60, p = 0.08]. Although our main statistics of interest are these pre-to post-training changes in Granger causality, it is also insightful to examine each session individually. At pretraining, no PRC-to-V1 Granger causality values during the MD task were significantly greater than 0 (ps > 0.50), whereas after training, PRC-to-V1 Granger causal influences from bilateral PRC to bilateral V1 were significantly greater than 0 [L PRC to L V1: t(7) = 3.66, p < 0.01; L PRC to R V1: t(7) = 2.80, p < 0.05; R PRC to L V1: t(7) = 3.50, p < 0.01; R PRC to R V1: t(7) = 3.52, p < 0.01]. These data are shown in Fig. 2a .
These important results demonstrate that, as predicted, the topdown directed functional connectivity from bilateral PRC to the visual cortex during a tactile memory task was enhanced as a result of the training.
As expected, no significant changes in PRC-to-V1 Granger causality from pre-to post-training were observed during the PE or S tasks (ps > 0.15). This lack of significance is further addressed in Section 4.
We also conducted an analysis investigating changes in Granger causal influences from V1 to the PRC (i.e., bottom-up influences), and the results are shown in Fig. 2b . Unlike the results reported above in the top-down direction, V1-to-PRC Granger causal influences were unaffected by the training. During the MD task (where we observed our top-down effects), there were no significant differences from pre-to post-training in either the left or right PRC using either left or right V1 as the seed ROI (ps > 0.12). In examining each session individually, no V1-to-PRC Granger causality values were significantly greater than 0 for any task, session, or hemisphere (ps > 0.10).
Together, these findings suggest that the Cognitive-Kinesthetic training mainly targeted and enhanced top-down, rather than bottom-up, directed functional connectivity between the PRC and V1.
In addition to these specific PRC-V1 analyses, we also visualized Granger causal influences from each seed ROI (PRC and V1) to the rest of the cortex (see Fig. 3 for medial views of these influences). As can be seen, the training caused increases in Granger causal influences from the PRC to not only V1, but also other cortical areas including extrastriate ''visual" areas as well as the medial parietal lobe bilaterally (Fig. 3a) . In contrast, directed connectivity from V1 to the PRC was unaffected by the training (Fig. 3b) , consistent with the bottom-up results observed above. As the focus of the present study is on the interactions between the PRC and V1 specifically, we do not further examine these widespread Granger influences; future research could elucidate the influences between the PRC and other cortical areas.
We also conducted follow-up analyses to assess the effects of various demographic factors that we have collected (see Table 1 ) on the training-induced changes in Granger causality between the PRC and V1. These analyses first revealed that neither participants' current age nor the number of years in their current visual status were significantly correlated with PRC-to-V1 Granger causal influences (ps > 0.15). Additionally, there was no significant effect of Braille fluency on Granger causality (ps > 0.12). Lastly, there was no significant difference in PRC-to-V1 connectivity between participants who were congenitally blind (never had full vision) vs. acquired blind (born with full vision).
Discussion
This study is the first to provide evidence that within only 5 days, directed top-down functional connectivity from the PRC (a ''memory" area) to the visual cortex (a ''visual" area) in those who are blind can be enhanced. Specifically, an increase in PRCto-V1 Granger causality after the Cognitive-Kinesthetic training was observed during a tactile memory task that involved retrieving stored object representations and drawing them from memory. Previous research has found that V1 and the PRC (separately) reorganize to represent tactile memory information in the blind as a result of this unique memory-guided drawing training (Likova, 2012 (Likova, , 2013 (Likova, , 2015 Cacciamani & Likova, 2016 ). Now, we are able to conclude that these areas are functionally connected in a top-down fashion. In particular, our results support the previously proposed hypothesis (Likova, 2012 (Likova, , 2013 that the reorganization that occurs in V1 might be originating from higher level such as the PRC where both the memory and perception of an object is represented.
That such striking changes in functional activation and connectivity can be observed within such a short amount of time sheds light on the robustness of Likova's Cognitive-Kinesthetic training, as well as the plasticity of the adult human brain. This cortical plasticity may be of even more importance in those who are blind, as the ''visual" areas of the brain must reorganize to represent nonvisual tasks and information. It makes sense, then, that the connectivity to these visual regions would also shift such that tactile information is represented. These changes that occur in the blind brain may help them compensate for their vision loss by enhancing the responsiveness of and cortical connections devoted to the other senses (in our case, the sense of touch) and/or engaging supramodal mechanisms. Uncovering this important finding-that functional connectivity subserving tactile memory can be enhanced within only 5 days of fun and engaging training-can pave the way for future applied research on blindness rehabilitation. The current findings add new dimensions to the scope of previous studies and models in the sighted suggesting that the PRC modulates responses in low-level visual regions Peterson et al., 2012) . These previous studies, however, did not investigate directed, or causal, functional relationships and did not assess either memory tasks or a blind population. Here, for the first time, we have provided evidence of top-down directed functional connectivity from the PRC to a ''visual" area as low as V1. These important findings support recent research indicating that the PRC is not only involved in memory, but also perception (Baxter, 2009; Bussey et al., 2002; Murray & Bussey, 1999; Murray et al., 2007; Peterson et al., 2012) , consistent with a dynamical feedforward-feedback view of object processing (Likova & Tyler, 2008; Peterson & Cacciamani, 2013) . In the present study, as well as in recent work (Cacciamani & Likova, 2016) , we have added to this important research by showing that the PRC's representations and connections are not only perceptualmnemonic, but also supramodal.
The data we present in this article are averaged across all 8 of our blind participants. We note that there were individual differences in the magnitude of the pre-to post-training change in Granger causality across participants; however, this was expected, as our blind participants did differ along many factors, including their degree of residual vision (NLP or LP), current age, age of blindness onset, and diagnosis (see Table 1 ). However, follow-up analyses revealed that none of these factors were correlated with the increase in PRC-to-V1 Granger causality that we observed; thus, any individual differences in our neural change of interest cannot be attributed to these factors, and instead, is likely attributable to differences in higher-order cognitive factors. Regardless of the origin of the individual differences, that we were able to observe significant changes in Granger causality on data that were averaged across 8 blind participants (see Figs. 2 and 3) despite these differences speaks to the robustness of our effect.
The analysis we used in this study, Granger causality, assesses directed functional influences based on the notion of temporal precedence and prediction-that is, whether the past activation in one region (the seed ROI) can predict future activation in another region. This type of analysis has been applied to BOLD fMRI data previously (Deshpande et al., 2008; Roebroeck et al., 2005; Seth, 2010) and has been shown to be robust to hemodynamic invariance (Seth et al., 2013) . However, it does have limitations. Specifically, we acknowledge that, based on the temporal precedence concept, Granger causality does not directly measure causal relationships per se. What it does provide, however, is directionality of functional influences, which has not previously been evaluated between the PRC and the visual cortex in either the sighted or the blind. Moreover, our primary measure of interest was the pre-to post-training change in connectivity between these two regions, which did not require us to interpret or make assumptions regarding raw Granger causality values. Therefore, we strongly believe that the contributions of this Granger causality analysis to our understanding of PRC-to-V1 training-induced changes greatly outweigh its potential limitations.
One question that arises with our findings is why we only observed enhanced top-down Granger causality during the tactile memory-drawing task (MD), and not during the perceptual exploration task (PE). Indeed, previous research has shown that the PRC is involved in both the perceptual and mnemonic representation of objects in the visual modality in the sighted (Baxter, 2009; Bussey et al., 2002; Murray & Bussey, 1999; Murray et al., 2007; Peterson et al., 2012) , as well as in the tactile modality in the blind (Cacciamani & Likova, 2016) . Additionally, research in the sighted has found evidence of top-down modulation of the visual cortex during a perceptual task Peterson et al., 2012) . So, in the present study, one might have expected to observe enhanced PRC-to-V1 connectivity during both the tactile memory and perceptual exploration tasks. However, prior research in the blind has shown that at the level of V1, the training-induced reorganization that occurs is only evident during the tactile memory task, which is consistent with Likova's proposal of V1 as the implementation of a supramodal spatial memory buffer or 'sketchpad' on which stored memory representations are projected (Likova, 2012 (Likova, , 2013 (Likova, , 2015 . If the PRC is modulating the reorganization of this V1 tactile memory sketchpad, then it makes sense for the top-down influence from the PRC to only be observed during the tactile memory task. This is not to say that the functional connectivity from the PRC to the visual cortex is always restricted to the memory domain-only that the task used in the current study may have specifically targeted these functional connections.
Our training effects on Granger causality values were only observed in the top-down direction (PRC to V1), not in the bottom-up direction (V1 to PRC). Our predictions were centered on these top-down effects, as our previous work (Likova, 2012 (Likova, , 2015 allowed us to hypothesize that a high-level area such as the PRC modulates the V1 reorganization that occurs in the blind. We did not have any specific hypotheses regarding the bottom-up functional connectivity. Even though we did not find any effects of training on these bottom-up influences, we do not refute the existence of feedforward connections from V1 to the PRC.
The current study assessed, for the first time, training-induced changes in Granger causality between two specific areas-the PRC and V1. It is likely that there are other functional connections involved in and enhanced by the Cognitive-Kinesthetic training; indeed, it has been shown before that this training affects a distributed whole-brain network (Likova, 2013 (Likova, , 2014 , including key areas such as the hippocampus (Likova, 2015) . However, analysis of the whole network is beyond the scope of the present study. Our goal was to test the specific hypothesis proposed by Likova (2012) that the PRC-which has both a mnemonic function and a direct anatomical connection to V1 (Clavagnier et al., 2004 )-modulates tactile memory responses in V1 as a result of the training, and that is what we have shown. Future studies should investigate the potential broader network effects of the Cognitive-Kinesthetic training.
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